The West Qinling Orogen is endowed with more than 100 sediment-hosted gold deposits with an estimated resource of > 2000 t Au. Previous radiometric dating results have shown that most deposits formed during a Late Triassic to Early Jurassic period of contractional deformation over the orogen. However, here we show that the newly discovered Daqiao gold deposit (> 105 t at 3-4 g/t) in the southern belt of the West Qinling Orogen formed in latest Jurassic to Early Cretaceous under a different tectonic regime. The Daqiao gold deposit is hosted in weakly metamorphosed Triassic turbidites and is spatially associated with hydrothermally altered granodiorite and diorite porphyry dykes. Six granodiorite dykes have similar zircon U-Pb ages ranging from 215.0 ± 1.1 to 211.5 ± 1.5 Ma (1σ), whereas one diorite porphyry dyke has a zircon U-Pb age of 187.5 ± 2.1 Ma (1σ). The age of gold mineralization is constrained by two types of sericite: sericite aggregates coexisting with disseminated auriferous pyrite in relatively high-grade breccia ores and sericite coexisting with auriferous pyrite in weakly mineralized granodiorite dykes. Sericite aggregates from the breccia ores have 40
Introduction
The West Qinling Orogen (WQO) formed during the closure of the Paleo-Tethys and subsequent orogenesis in Late Triassic and is one of the largest and most prospective gold provinces in China with over 2000 t of proven gold reserves ( Fig. 1 ; Mao et al. 2002; Chen et al. 2004; Zeng et al. 2012; Goldfarb et al. 2014; Liu et al. 2015b ). Previous 40 Ar/ 39 Ar dates and Rb/Sr isochron dates on K-bearing alteration minerals or fluid inclusions extracted from quartz and Rb/Sr isochron dates on pyrite have a large range as follows: 210 to 170 Ma (Mao et al. 2002) , 220 to 100 Ma with a peak at 170 Ma (Chen et al. 2004) , and 233 and 210 Ma (Dong and Santosh 2016) . However, based on detailed textural characterization of several major gold deposits in the WQO (e.g., Liba, Baguamiao, Liziyuan, Huachanggou, and Jianchaling; Fig. 1 ), recent ore-related sericite and fuchsite 40 Ar/ 39 Ar, carbonate Sm-Nd, and sphalerite Rb-Sr dates Editorial handling: R. Hu
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cluster at ca. 216-200 Ma (e.g., Zeng et al. 2012; Liu et al. 2014; Wang et al. 2014; Hu 2015; Zhang 2016; Lin et al. 2017; Yue et al. 2017) . These new ages support previous interpretations that gold mineralization in the WQO was largely related to contractional deformation associated with continental collision between the North China Craton and South China Block or to a post-collisional transtensional to extensional regime (Mao et al. 2002; Chen et al. 2004; Chen and Santosh 2014) . Previous geochronological studies with detailed textural characterization also suggest that there was a much younger, Early Cretacous (144-125 Ma; 40 Ar/
39
Ar dates on sericite and U-Pb dates on hydrothermal zircon) period of gold mineralization at the Jianchaling, Zhaishang, Yangshan, and DonggouJinlongshan deposits (Huang et al. 1996; Lu et al. 2006; Qi et al. 2006; Liu et al. 2015a ). However, a gold mineralization event during the Early Cretaceous has been largely discounted because the distribution and the tectonic driver for mineralization at that time remain poorly understood.
In this paper, we present high-quality laser incremental heating 40 Ar/ 39 Ar results on ore-related hydrothermal sericite from the Daqiao gold deposit to provide tight constraints on the age of alteration and gold mineralization. We also use zircon UPb dates to constrain the ages of granodioritic and dioritic dykes within and around the mine to determine their possible relationship to gold mineralization. Together with previous work, our results confirm that the Late Jurassic to Early Cretaceous gold event in the WQO is more widespread than previously thought. Lastly, we propose an updated tectonic setting for this younger mineralization event in the WQO.
Geological setting
The Qinling orogen is part of the Central China Orogenic Belt located between the North China Craton and the South China Block (inset of Fig. 1 ). The Qinling Orogen is bound by the Lingbao-Lushan-Wuyang Fault to the north and by the Mianlue-Bashan-Xiangguang Fault to the south ( Fig. 1 ; Mattauer et al. 1985; Ames et al. 1993; Meng and Zhang 1999) . This orogenic belt links the Qilian and Kunlun orogens in the west, and connects to the Dabie ultrahigh-pressure terrane in the east (Fig. 1) . The Qinling orogen formed as a result of prolonged subduction of the Proto-Tethyan ocean and collision between the North China Craton and Qinling microplate along the Shangdan suture in the middle Paleozoic. The subduction of the Paleo-Tethyan ocean and subsequent collision between the Qinling terrane and the Yangtze craton along the Mianlue suture occurred in the early Mesozoic also played an important role in its formation (Meng and Zhang 1999; Dong et al. 2011) . The final closure of the PaleoTethyan ocean and continental collision along the Mianlue suture is characterized by a scissor-like, diachronous suturing, that propagated progressively from east to west (Zhu et al. 1998; Chen et al. 2006; Dong et al. 2011) . The Qinling orogen is divided into four terranes that are separated by the Shangdan and Mianlue suture zones and several thrust faults ( Fig. 1) : the Southern North China Craton, North Qinling Belt, South Qinling Belt, and Northern South China Block (Xu 1992; Zhang et al. 1995) . The Qinling orogen is also geographically divided into the East and West Qinling Orogens (EQO and WQO; Fig. 1 ) that happen to coincide with the location of the Baocheng Railway (Zhang et al. 1995) paralleling to the northeast-trending Chengxian-Huixian-Fengxian Fault. This regional fault separates Triassic granitoids with distinct geochemical signatures (Zeng et al. 2014) .
Both the WQO and EQO are dominated by Cambrian to Triassic marine sedimentary rocks in the south that are separated by the Shangdan suture from mélanges consisting of ophiolites and metasediments of the Neoproterozoic Kuanping and early Paleozoic Erlangping Groups in the north (Dong et al. 2011) . The Xiaoqinling district in the northeastern EQO is comprised mainly of metamorphic rocks of the Neoarchean Taihua Group, including amphibolite, felsic gneiss, migmatite, and widely distributed metamorphosed supracrustal rocks ( Fig. 1 ; Li et al. 2012a) . Granitoid intrusions are widespread throughout the Qinling orogen, particularly in the northern belt of the WQO (Fig. 1) . These intrusions have progressively older emplacement ages from east (200-220 Ma) to west (240-250 Ma) (e.g., Sun et al. 2002; Zeng et al. 2014; Dong and Santosh 2016) , a feature consistent with the scissor-like suturing and continental collision described earlier. Late Jurassic to Early Cretaceous intrusions are rare in the WQO, but occur widely in the EQO and eastern Dabie Terrane (Fig. 1) . More than 100 sediment-hosted gold deposits in the WQO, including over 10 world-class deposits (cf., Goldfarb et al. 2005) , are hosted in Cambrian to Triassic strata with variable degree of metamorphism (Mao et al. 2002; Chen et al. 2004 ). In the EQO, gold deposits are best developed in the Neoarchean to early Paleoproterozoic metamorphic rocks in the Xiaoqinling district (Mao et al. , 2010 Li et al. 2012a, b) , with a small number of deposits (e.g., DonggouJinlongshan, Qiuling, Yindonggou) in the southern marine sequences (Liu et al. 2015a ).
The WQO can be further subdivided into the northern and southern belts separated by the Hezuo-Lintan-Liangdang Fault ( Fig. 1 ; Zhang et al. 2018) . The northern belt is characterized by extensive exposures of Devonian flysch sequences that have subjected to low to intermediate greenschist facies metamorphism (Mattauer et al. 1985; Mao et al. 2002) . The southern belt mainly comprises an east-verging belt of Triassic turbidites with a minor proportion of Cambrian to Devonian strata, with no or low-grade metamorphism. However, these strata were strongly deformed to form a series of south-verging arc-shaped, thin-skinned thrust nappe structures during the Triassic Qinling orogeny (Zhang et al. 2001; Chen and Santosh 2014 . The Daqiao gold deposit is structurally localized in an inferred NEtrending anticlinorium, with a number of associated reverse faults that mostly strike northeast (Fig. 2) . Several granodiorite dykes intrude the Triassic turbidites and exhibit variable degrees of hydrothermal alteration associated with subeconomic gold mineralization, locally up to 2.5 ppm Au (Fig. 3a, b) . The minor diorite porphyry dykes in the deposit are less altered than the granodiorite dykes, but locally contain carbonate minerals and fine-grained pyrite (Fig. 3c, d ). These observations suggest that the granodiorite and diorite porphyry dykes emplaced before the mineralization event.
More than 100 ore bodies have been delineated in the Daqiao mine, with a total proven reserve of 105 t Au averaging 3-4 g/t . Gold mineralization is developed preferentially along the NE-striking reverse faults (Fig. 2) . The ores are hosted in diachronous tectonic and hydraulic breccias of the Huashiguan Formation. In tectonic breccias, silicified gold ores are often at, or near, the contact between Triassic slates and underlying Carboniferous limestone (Fig. 4a, b) . The competent silicified tectonic breccias were hydraulically brecciated and cemented by a chalcedonycalcite-sulfide assemblage with up to 12 g/t Au, but no associated sericite (Fig. 4c, d ). Arsenian pyrite and marcasite are the predominant ore minerals in both the tectonic and hydraulic breccia ores. They are associated with minor to trace amounts of stibnite, chalcopyrite, sphalerite, galena, arsenopyrite, pyrrhotite, unnamed uranium oxides, and PGE minerals. Gangue minerals consist of quartz, calcite, sericite, kaolinite, and carbonaceous material, with minor amounts of accessory apatite and rutile (Figs. 4, 5, 6) . Gold mainly occurs as invisible gold in arsenian pyrite, marcasite, and less abundant fine-grained arsenopyrite ).
Ore-related alteration includes silicification, sulfidation, sericitization, and carbonatization. Based on paragenetic and textural relations, two types of sericite related to auriferous (1) sericite in extensively mineralized tectonic breccia (3-4 g/t Au) and (2) sericite in intensely altered but weakly mineralized granodiorite dykes (0.2-0.4 g/t Au). In tectonic breccia ores, sericite is closely associated with silicification and sulfidation ( Fig. 5a ) and consists of well-crystallized aggregates of 100-to 300-μm diameter ( Fig. 5b-f ). These sericite aggregates are texturally intergrown with anhedral porous pyrite, which contains finegrained inclusions of quartz and sericite (2-20 μm across; Fig. 5e -f). Mineralized granodiorite dykes are strongly sericitized, sulfidized, and are locally crosscut by quartzsulfide veins (Figs. 3b, 6a) . Sericite in these dykes is finergrained than that in the tectonic breccia ores ( Fig. 6c-f ). Such fine-grained sericite occurs as veinlets (Fig. 6b) and is texturally associated with quartz selvages that mantle igneous quartz crystals (Fig. 6d) , and hydrothermal euhedral pyrite, chalcopyrite, sphalerite (Fig. 6e, f) .
Laser ablation ICP-MS analysis shows that both the pyrite intergrown with the sericite in the tectonic breccia ores and the pyrite hosted in the hydrothermally altered dykes contain the same Au-Ag-As-Sb-Tl element suite ). This trace element signature is also consistent with that of pyrite in the cements of hydraulic breccias. Pyrite in tectonic breccia ores contains a mean of 5.2 ppm Au and 4568 ppm As (n = 105), whereas pyrite in the altered dykes has a mean of 1.4 ppm Au and 6967 ppm As (n = 5; Wu et al. 2018) . The intimate textural relationships between auriferous pyrite and each sericite type suggest that dating of such sericite can provide useful constraints on the age of gold mineralization at Daqiao.
Methods

LA-ICP-MS zircon U-Pb dating
Six granodiorite dyke (samples DQ44, DQ55, DQ63, DQ123, DQ158, and DQ161) and one diorite porphyry dyke (sample DQ187) that intrude the Triassic turbidites at Daqiao with variable degrees of hydrothermal alteration and weak gold mineralization, each weighing 1 to 2 kg, were selected for zircon separation and in situ U-Pb isotopic analysis. Zircons were handpicked under a binocular microscope after conventional heavy liquid and magnetic separation, mounted onto an epoxy resin disc, polished, and gold-coated. Back-scattered electron (BSE) and cathodoluminescence (CL) imaging were used to characterize the internal structure of zircons using an FEI Quanta200 environmental SEM and a MonoCL detector attached with a JEOL 8800 electron microprobe. Zircon UTh-Pb isotopes were analyzed by LA-ICP-MS at the State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Wuhan. Laser sampling was performed using a GeoLas 2005 System and an Agilent 7500a ICP-MS instrument was used to acquire ionsignal intensities. The operating conditions and data acquisition procedures follow those described in Hu et al. (2008) . Offline selection of signals and time-drift correction and quantitative calibration for trace element analyses and U-Pb dating were performed using an in-house software ICPMSDataCal (Liu et al. 2010) . Correction for common Pb was made on the basis of the 204 Pb measured. The 91,500 zircon standard was used to calibrate U-Pb isotopic discrimination and the precision and stability of the equipment during analysis (Wiedenbeck et al. 1995) . Weighted mean U-Pb ages (with 95% confidence) and concordia diagrams were obtained using Isoplot/Ex_ver3 (Ludwig 2003 
Ar dating
Four samples of tectonic breccia ores (DQ70, DQ71, DQ218, and DQ220; 3-4 g/t Au) and two samples of weakly mineralized granodiorite dykes (DQ55 and DQ123; 0.2-0.4 g/t Au) were collected from different boreholes and underground tunnels for sericite separation and 40 Ar/ 39 Ar geochronology. 40 Ar/ 39 Ar analysis of sericite was carried out at the University of Queensland Argon Geochronology in Earth Sciences laboratory (UQ-AGES) following the methodology described in Vasconcelos et al. (2002) .
Polished thin sections of each sample were studied by transmitted and reflected light microscopy to determine the mineralogy and paragenesis of sericite. After petrographic observation, suitable parts of each sample were crushed and processed using standard density separation techniques, followed by careful hand picking under a binocular microscope to isolate pure sericite grains (0.5-2 mm, > 99% purity). Sericite grains were irradiated for 14 h in the cadmium-lined B-1 CLICIT facility, a TRIGA-type reactor, Oregon State University, USA. After a 3-month cooling period, two aliquots of each sample were analyzed using the 40 Ar/
39
Ar laser incremental heating method, with a continuous-wave Ar-ion laser (532 nm) with a 2-mm-wide defocused beam. The fraction of gas released was analyzed for Ar isotopes in a MAP215-50 mass spectrometer equipped with a third C-50 SAES Zr-V-Fe getter. The J value for each Al disc computed from 15 individual aliquots of the neutron fluence monitor, each consisting of 1-3 crystals of Fish Canyon Sanidine, is 0.003695 ± 0.000009. The raw data were processed using MassSpec software (version 7.527) and the ages were calculated using the decay constants recommended by Steiger and Jäger (1977) .
Zircon U-Pb results
The U-Pb isotope results from weakly mineralized granodiorite dykes are tabulated in ESM Table 1 and are plotted on concordia diagrams in Figs. 7 and 8. Zircons from all samples are pale to light gray, display semi-prismatic or subhedral shapes, and range from 80 to 150 μm in length with elongation ratios of 1 to 3. With the exception of a few zircons that contain subrounded cores, most grains have simple internal growth structures with delicate oscillatory zoning as shown in the CL images. These zircon grains exhibit Th/U ratios between 0.1 and 0.6 with a mean of 0.2 (n = 85; ESM Table 1 Fig. 7f ). To summarize, the LA-ICP-MS zircon U-Pb dates on the six altered granodiorite dykes at Daqiao have similar ages between 215.0 ± 1.1 and 211.5 ± 1.5 Ma. Ar results are listed in ESM Table 2 and the age spectra are graphically depicted in Figs. 9 and 10. An age plateau is defined as a sequence of continuous steps that contain more than 50% of the total released 39 Ar and yield reproducible results at the 95% confidence level (2σ). If a sequence of steps contains 39 Ar slightly less than 50% of the total 39 Ar released, but yields reproducible results, or contains more than 50% of the total 39 Ar released, but the age values of each step are slightly beyond the 95% confidence level (2σ), it is defined as a plateau-like spectrum (Li and Vasconcelos 2002) .
In this study, most sericite samples from tectonic breccia ores yield well-developed plateau or plateau-like ages (Figs. 9, 10) . Two sericite aliquots from sample DQ71 yield well-defined plateau ages of 143.2 ± 2.3 Ma and 143.8 ± 1.4 Ma, which are reproducible within analytical uncertainties (Fig. 9a, b) . One of two aliquots from sample DQ218 has a flat age spectrum consisting of seven consecutive heating steps that account for > 80% of the total 39 Ar released (Fig. 9c) . The plateau age of this aliquot is 142.3 ± 2.5 Ma, consistent with those of the two aliquots of sample DQ71. The other aliquot from this sample yields a descending staircase spectrum that did not reach a plateau (Fig. 9d) . However, the initial low-temperature heating step has an apparent age of 147.9 ± 0.9 Ma that is within the analytical uncertainty of the plateau age of the first aliquot. The next six heating steps account for 35% of the total 39 Ar released and yield apparent ages ranging from 118.6 to 131.2 Ma (ESM Table 2 ). Both aliquots of sample DQ220 yield a descending staircase spectrum, with five continuous intermediate steps yielding a plateau or plateau-like age of 150.7 ± 3.1 Ma and 145.9 ± 2.5 Ma, respectively (Fig. 9e, f) . The first sericite aliquot of sample DQ70 yields a descending age spectrum: the initial low-temperature step accounts for 60% of the total 39 Ar released with an apparent age of 140.1 ± 0.5 Ma, whereas the next five steps define a younger plateau-like age of 130.8 ± 3.1 Ma (Fig. 9g) . The second aliquot yields a disturbed age spectrum without geologically meaningful age information (Fig. 9h) .
Four sericite grains from two hand specimens collected from the weakly mineralized dykes were dated. The two aliquots from sample DQ55 yield perfectly flat spectra consisting of all nine heating steps with 100% of the cumulative 39 Ar released (Fig. 10a, b) . They have extremely reproducible plateau ages of 128.8 ± 0.6 Ma and 128.6 ± 0.6 Ma, respectively.
Both sericite separates from sample DQ123 also yield welldefined, reproducible plateau ages of 127.2 ± 0.6 Ma and 128.0 ± 0.6 Ma (Fig. 10c, d ). These plateau ages are in excellent agreement with those of sample DQ55.
It is noteworthy that several sericite grains from the tectonic breccia ores have anomalously younger ages defined by the high-temperature steps. These steps generally account for 10-20% of the total amount of 39 Ar released, with 40 Ar/
39
Ar apparent ages ranging from 120 to 45 Ma (ESM Table 2 ). These apparent ages are younger than the plateau ages and have much larger uncertainties. This type of age spectra is unusual for hydrothermal micas, and the younger apparent ages defined by the high-temperature steps likely resulted from reimplantation of recoiled 39 Ar into tighter crystallographic sites in sericite Ar age spectra of sericite from tectonic breccia ores in the Daqiao gold deposit (Vasconcelos 1999) . The fine-grained nature of the sericite dated suggests that the nucleogenic 39 Ar produced in the edge of sericite is susceptible to recoil during neutron irradiation with the recoiled 39 Ar relocated into the inner, tighter crystallographic sites of the mineral.
Timing of magmatism
The zircon U-Pb ages of hydrothermally altered and weakly mineralized granodiorite and diorite porphyry dykes provide tight constraints on the age of magmatism and have implications for a temporal relation to gold mineralization. Zircons from the granodiorite and diorite porphyry dykes mostly show oscillatory zoning, or distinct sector zoning, both of which suggest a magmatic origin (Hoskin 2000; Corfu et al. 2003 ). This view is further supported by the Th/U ratios (0.1-0.7, ESM Table 1 ) that fall in the general range of magmatic zircons (0.1-1; Belousova et al. 2002) . The six granodiorite dykes have concordant U-Pb ages in the range of 215-212 Ma, whereas the irregular concentric rims on inherited zircon cores (213-210 Ma) in the diorite porphyry dyke yield a younger U-Pb age of 187.5 ± 2.1 Ma. The core has U-Pb dates consistent with those of the six granodiorite dykes dated but significantly older than that of the rims. This age difference indicates that the zircon core of the diorite porphyry represents inheritance from earlier magmatic rocks represented by the granodiorite dykes investigated, whereas the U-Pb age of the rims can be interpreted as the emplacement age of the diorite porphyry dyke. The U-Pb ages presented here are consistent with previous zircon U-Pb dating results for most granitoid intrusions over vast areas of the WQO, and confirm that magmatism in and surrounding the Daqiao mine occurred in a syn-to postcollisional setting (Dong et al. 2011; Dong and Santosh 2016) .
Age of gold mineralization
With the exception of two aliquots from samples DQ70 and DQ218 (Fig. 9d, h ), the remaining ten sericite grains from the breccia ores and mineralized dykes yield well-defined plateau or plateau-like ages (Figs. 9, 10) . In most cases, two aliquots from the same sample have reproducible plateau or plateaulike ages, as best illustrated by samples DQ71, DQ55, and DQ123 (Figs. 9a, b, 10) . In addition, the ages of different samples from the same ore type are generally consistent (e.g., sample DQ71 vs. DQ218; DQ55 vs. DQ123). The age reproducibility between different aliquots of the same sample and between different samples from the same ore type suggests that the 40 Ar/ 39 Ar results are reliable and can be interpreted as the actual precipitation ages of hydrothermal sericite. The textural relationships between sericite and gold (Figs. 5, 6) Ar dates suggest there were two periods of gold mineralization at Daqiao. Sericite extracted from the relatively high-grade tectonic breccia ores (samples DQ71, DQ218, and DQ220) with plateau ages of 150.7 ± 3.1 to 142.3 ± 2.5 Ma are representative of the first period of gold mineralization. This relatively large age range indicates that gold mineralization may be episodic in a prolonged hydrothermal process, as partly supported by multiple brecciation events observed both in the field and petrographically (Fig. 4) . The plateau-like age of sample DQ70 (130.8 ± 3.1 Ma) is significantly younger than the Ar plateaus ages of sericite from the weakly mineralized dykes (see below). The younger age is, therefore, likely due to the superimposed growth on, or neoformation of sericite in, the early stage of mineralization. Similarly, the six consecutive intermediate-to high-temperature steps of samples DQ218 and DQ70 (Fig. 9d, g ) with apparent ages ranging from 112 to 132 Ma (ESM Table 2 ) are also due to the second period of hydrothermal activity.
Four sericite aggregates from the hydrothermally altered and gold mineralized dykes have extremely reproducible 40 Ar/
39
Ar plateau ages of ca. 128 Ma (Fig. 10) . These ages are 15-20 million years younger than the values of the sericite from the tectonic breccia ores, and are interpreted to be representative of the second hydrothermal event. The significance of this later gold mineralizing event in forming economic gold ores, however, is currently unclear, given that most of the mineralized dykes contain no more than 0.4 g/t Au.
Collectively, the 40 Ar/
Ar results suggest that the Daqiao gold deposit formed in the Latest Jurassic to Early Cretaceous, 50 million years younger than most gold deposits in the WQO (ca. 216-200 Ma; e.g., Zeng et al. 2012; Liu et al. 2014; Wang et al. 2014; Hu 2015; Zhang 2016; Lin et al. 2017; Yue et al. 2017 ) and the Late Triassic orogenic deformation associated with convergence between the North China Craton and South China Block forming the West Qinling orogen (Dong et al. 2011; Dong and Santosh 2016) . Gold deposits of similar ages have also been reported elsewhere in the WQO (Figs. 1, 11 Ar plateau age of 142.3 ± 0.8 Ma for high-grade ores (9.3 g/t) of the Donggou-Jinlongshan gold deposit. Early Cretaceous gold mineralization is also pervasive in large areas of the EQO. Based on molybdenite Re-Os dates and incremental 40 Ar/ 39 Ar dates on hydrothermal biotite and sericite, Li et al. (2012b) bracketed the age of seven major gold deposits in the Xiaoqinling district between 154.1 ± 1.1 Ma and 118.9 ± 1.2 Ma (n = 20). We therefore conclude that the Daqiao and other coeval gold deposits in the WQO are products of the same metallogenic event producing gold vein deposits in EQO.
Implications for regional metallogeny
The WQO is well-endowed with numerous sediment-hosted gold deposits that have been considered to be genetically related to Triassic orogenesis involving continental collision between the North China Craton and South China Block (e.g., Mao et al. 2002 Mao et al. , 2008 Chen and Santosh 2014) . Recent geochronological studies have shown that many deposits formed in a relatively restricted time interval of ca. 216-200 Ma (e.g., Zeng et al. Fig. 11 A sketch illustrating the timing of tectonic events (Ren et al. 1992; Niu et al. 2003; Dong et al. 2011; Dong and Santosh 2016) and gold mineralization in the WQO (Wang 2000; Shao and Wang 2001; Qi et al. 2003 Qi et al. , 2006 Lu et al. 2006; Yin and Zhao 2006; Zeng et al. 2012; Liu et al. 2014; Wang et al. 2014; Hu 2015; Zhang 2016; Lin et al. 2017; Yue et al. 2017) 2012; Liu et al. 2014; Wang et al. 2014; Hu 2015; Zhang 2016; Lin et al. 2017; Fig. 11 ). This age interval coincides with a tectonic transition from syn-collisonal compression to postcollisional extension after the final amalgamation of the North China Craton and South China Block along the Qinling orogenic belt (Chen et al. 2004; Ye et al. 2008; Dong and Santosh 2016) . This tectonic transition is associated with widespread syn-collisional granitoid intrusions (ca. 230-210 Ma; Sun et al. 2002; Gong et al. 2009; Jiang et al. 2010; Zeng et al. 2014) , and post-collisional rapakivi granites (ca. 210-200 Ma) and associated mafic dykes (e.g., Qin et al. 2007 Qin et al. , 2008 Qin et al. , 2009 . After collision, the entire Qinling orogen evolved to an intra-continental orogenic stage (Dong et al. 2011; Dong and Santosh 2016; Fig. 11) .
Together with independent geochronologic results from several other deposits, our 40 Ar/ 39 Ar data from the Daqiao gold deposit show that there was a significant and widespread episode of gold mineralization in the Latest Jurassic to Early Cretaceous (Fig. 11) . It is noteworthy that no gold deposits have formed during 185-150 Ma in the WQO (Fig. 11) . The lack of gold mineralization and igneous intrusions in this time period suggests that contractional or transtensional deformation possibly ended by the Early Jurassic. Thus, the latest Jurassic to Early Cretaceous gold deposits in the WQO were likely controlled by a distinct phase of tectonism.
In the EQO (e.g., Shanzha basin, Xiaoqinling district), 150-125 Ma granitoids and polymetallic deposits, lode gold deposits, Cu-Mo porphyry-skarns, and Pb-Zn sulfide veins are widespread (Xue et al. 1996; Mao et al. 2008 Mao et al. , 2010 Li et al. 2012a, b) . Geochemical and isotopic data indicate that these granitoid intrusions were largely derived from melting of mafic lower crust under an extensional regime coupled with asthenospheric upwelling (Xie et al. 2012 (Xie et al. , 2017 Wu et al. 2014; Yan et al. 2014) .
It has been suggested that the Late Jurassic to Early Cretaceous tectonism in the EQO and the whole eastern China continent was controlled by the Circum-Pacific tectonic regime (e.g., Mao et al. 2005 Mao et al. , 2008 Mao et al. , 2010 Sun et al. 2007) . Oblique subduction of the Paleo-Pacific plate beneath the Eurasian continent has been proposed to commence at ca. 160 Ma (Ren et al. 1992; Niu et al. 2003) . At ca. 140 Ma, the principal stress vectors changed from NS-trending to near EW-trending (Mao et al. 2005) . Subsequently, at ca. 125-122 Ma, the drifting direction of the Paleo-Pacific plate changed from roughly S to NW (Koppers et al. 2003; Sun et al. 2007) . We therefore tentatively propose that the Latest Jurassic to Early Cretaceous gold deposits in the WQO are related to the far-field effects of the Paleo-Pacific subduction beneath the eastern Eurasian continent and the change in plate motions in the NE Asia. Recognition of a younger gold event may have contributed to the great endowment of gold mineralization in the WQO.
Conclusions
This study provides significant new insights into the age of hydrothermal alteration and gold mineralization at Daqiao. The granodiorite and diorite porphyry dykes in and around the mine formed from 215.0 ± 1.1 Ma to 187.5 ± 2.1 Ma (1σ), indicating that they are products of syn-to postcollision magmatism throughout the WQO. The sericite 40 Ar/
39
Ar ages suggest that there are two periods of gold mineralization: an intensely mineralized period from 150.7 ± 3.1 Ma to 142.3 ± 2.5 Ma (2σ), followed by a less significant period from 130.8 ± 3.1 Ma to 127.2 ± 0.6 Ma (2σ). The geochronological data precludes a genetic relation between the magmatism and gold mineralization. We propose that Late Jurassic to Early Cretaceous gold mineralization in the WQO was related to far-field effects of plate reorganization during Paleo-Pacific subduction beneath the eastern Eurasian continent. Gold mineralization of this age appears to be widespread in the Qinling Orogen and has implications for future gold exploration in this orogenic belt.
